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Àííîòàöèÿ
Â ñòàòüå îáîáùàåòñÿ ìîäåëü Â.À. Àìáàðöóìÿíà î ïîãëîùåíèè ñâåòà â ìåæçâ¼çäíîì
ïðîñòðàíñòâå íà ñëó÷àé, êîãäà èìååòñÿ n òèïîâ ïîãëîùàþùèõ îáëàêîâ, ðàâíîìåðíî ðàñ-
ïðåäåëåííûõ â ýêâàòîðèàëüíîé ïëîñêîñòè àëàêòèêè è èìåþùèõ ðàçëè÷íûå îïòè÷åñêèå
ïðîçðà÷íîñòè. Ïðè ýòîì ÷èñëî îáëàêîâ, îáëàäàþùèõ çàäàííîé ïðîçðà÷íîñòüþ è ðàñïîëî-
æåííûõ â çàäàííîì íàïðàâëåíèè ýêâàòîðèàëüíîé ïëîñêîñòè äî ðàññòîÿíèÿ s îò íàáëþäà-
òåëÿ, ÿâëÿåòñÿ ñëó÷àéíîé óíêöèåé è ïðè êàæäîì èêñèðîâàííîì s èìååò ðàñïðåäåëåíèå
Ïóàññîíà.
Êëþ÷åâûå ñëîâà: ìîäåëü Â.À. Àìáàðöóìÿíà, ïîãëîùåíèå ñâåòà â ìåæçâ¼çäíîì ïðî-
ñòðàíñòâå, äèåðåíöèàëüíîå q -ðàçíîñòíîå óðàâíåíèå.
Â 1944 ã. Â.À. Àìáàðöóìÿí, ðàññìàòðèâàÿ çàäà÷ó î ïîãëîùåíèå ñâåòà â ìåæ-
çâ¼çäíîì ïðîñòðàíñòâå [1℄, äîêàçàë, ÷òî ïëîòíîñòü ðàñïðåäåëåíèÿ y(x) ïîëíîé ÿð-
êîñòè èñòî÷íèêà ÿâëÿåòñÿ ðåøåíèåì çàäà÷è
y′(x) + y(x) = y(x/q), x > 0, (1)
y(x) ≥ 0,
+∞∫
0
y(x) dx = 1, (2)
ãäå q ∈ (0, 1)  ïîñòîÿííàÿ, õàðàêòåðèçóþùàÿ ïðîçðà÷íîñòü ïîãëîùàþùèõ îáëà-
êîâ. .È. óñàêîâ [2℄ â 1949 ã. âûïèñàë ðåøåíèå óðàâíåíèÿ (1) â âèäå óíêöèîíàëü-
íîãî ðÿäà
g(x) = C(exp(−x) +
∞∑
i=1
exp(−x/qi)/(qi(1 − q−1) · · · (1− q−i))−1). (3)
Îäíàêî âîïðîñ î âûïîëíåíèè óñëîâèé (2) îñòàëñÿ îòêðûòûì. Îáîñíîâàíèå òîãî,
÷òî ðåøåíèå óðàâíåíèÿ (1), ïðåäëîæåííîå .È. óñàêîâûì, ÿâëÿåòñÿ ðåøåíèåì çà-
äà÷è (1), (2), ïðèâåäåíî â [3℄. Â [4℄ ðåøåíà áîëåå îáùàÿ çàäà÷à
y′(x) + by(x) = ay(x/q), x > 0, (4)
y(x) ≥ 0,
+∞∫
0
y(x) dx = 1, (5)
ãäå a , b  âåùåñòâåííûå ïîñòîÿííûå.
Íàìè îáîáùàåòñÿ ìîäåëü Â.À. Àìáàðöóìÿíà íà ñëó÷àé n òèïîâ ïîãëîùàþùèõ
îáëàêîâ, ðàâíîìåðíî ðàñïðåäåëåííûõ â ýêâàòîðèàëüíîé ïëîñêîñòè àëàêòèêè è
èìåþùèõ îïòè÷åñêèå ïðîçðà÷íîñòè q1, . . . , qn , qi < 1 , i = 1, . . . , n .
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Ïóñòü q = (q1, . . . , qn) , m(s) = (m1(s), . . . ,mn(s)) , ãäå mk(s)  ÷èñëî îáëàêîâ,
îáëàäàþùèõ ïðîçðà÷íîñòüþ qk , ðàñïîëîæåííûõ â çàäàííîì íàïðàâëåíèè ýêâàòî-
ðèàëüíîé ïëîñêîñòè äî ðàññòîÿíèÿ s îò íàáëþäàòåëÿ. Ñëó÷àéíàÿ óíêöèÿ mk(s)
ïðè êàæäîì èêñèðîâàííîì s èìååò ðàñïðåäåëåíèå Ïóàññîíà
P (mk(s) = i) = (νks)
i exp(−νks)/i!, i = 0, 1, . . . , (6)
ãäå νk õàðàêòåðèçóåò ñðåäíåå ÷èñëî îáëàêîâ ïðîçðà÷íîñòè qk â åäèíèöå îáúåìà,
P  ñèìâîë âåðîÿòíîñòè.
Îáëàêà, îáëàäàþùèå ïðîçðà÷íîñòüþ qk , îñëàáëÿþò ñâåò çâåçäû, íàõîäÿùåéñÿ
íà ðàññòîÿíèè s , â q
mk(s)
k ðàç, ïîýòîìó ñóììàðíîå äåéñòâèå âñåõ îáëàêîâ âûçûâàåò
îñëàáëåíèå ñâåòà â qm(s) ≡ q
m1(s)
1 · · · q
mn(s)
n ðàç. Òîãäà ïîëíàÿ ÿðêîñòü I â äàííîì
íàïðàâëåíèè áóäåò ðàâíà
I =
∞∫
0
qm(s)η ds,
ãäå η õàðàêòåðèçóåò ýíåðãèþ èçëó÷åíèÿ èñòî÷íèêà.
Îáîçíà÷èì ÷åðåç F óíêöèþ ðàñïðåäåëåíèÿ âåðîÿòíîñòåé ýòîé ÿðêîñòè, òî åñòü
F (x) = P (I < x) , ÷åðåç Hk(s)  ñîáûòèå, çàêëþ÷àþùååñÿ â òîì, ÷òî ñëó÷àéíûé
âåêòîð m(s) ïðèìåò çíà÷åíèå k = (k1, . . . , kn) ∈ Z
n
+.
Êàê îáû÷íî, ÷åðåç Zn1 (Z
n
+) îáîçíà÷àåì ìíîæåñòâî n-ìåðíûõ âåêòîðîâ ñ öåëî-
÷èñëåííûìè êîîðäèíàòàìè (íåîòðèöàòåëüíûìè, öåëî÷èñëåííûìè êîîðäèíàòàìè).
Åñëè k = (k1, . . . , kn)  ìóëüòèèíäåêñ, òî ïîëàãàåì |k| = |k1|+ · · ·+ |kn|.
Ïóñòü ε > 0  ìàëàÿ âåëè÷èíà. Èñïîëüçóÿ òåîðåìó óìíîæåíèÿ äëÿ íåçàâèñèìûõ
ñîáûòèé, â ñèëó (6) ïîëó÷èì
P (H0(ε)) =
n∏
i=1
P (mi(ε) = 0) =
n∏
i=1
(1− νiε) + o(ε),
P (Hk(ε)) = νiε
n∏
i6=j
(1− νiε) + o(ε), |k| = 1 (kj = 1, ki = 0, i 6= j),
P (Hk(ε)) = o(ε), |k| ≥ 2.
Ïðèìåíÿÿ îðìóëó ïîëíîé âåðîÿòíîñòè è ïðåíåáðåãàÿ ÷ëåíàìè o(ε), ïîëó÷èì
F (x) = P (H0(ε))P (I < x|H0(ε)) +
∑
|k|=1
P (Hk(ε))P (I < x|Hk(ε)) =
= (1− (ν1 + · · ·+ νn)ε)P


( ε∫
0
qm(s)η ds+
∞∫
ε
qm(s)η ds
)
< x|H0(ε)

+
+
n∑
j=1
νj εP

( ε∫
0
qm(s)η ds+
∞∫
ε
qm(s)η ds
)
< x|
mj(ε)=1
mi(ε)=0,i6=j

 ,
ñëåäîâàòåëüíî,
F (x) = (1− νε)P

 ∞∫
ε
qm(s)−m(ε)η ds < x− εη

+
+
n∑
j=1
νj εP

qj
∞∫
ε
qm(s)−m(ǫ) < x− εΘjη

 , (7)
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ãäå
ν = ν1 + · · ·+ νn, 0 < Θj < 1, j = 1, . . . , n.
Â ñèëó ðàâíîìåðíîñòè ðàñïðåäåëåíèÿ ïîãëîùàþùèõ îáëàêîâ
P

 ∞∫
ε
qm(s)−m(ε)η ds < x

 = P

 ∞∫
0
qm(s)η ds < x

 .
Îòñþäà è èç (7) ñëåäóåò, ÷òî
F (x) = (1− νε)F (x − εη) +
n∑
j=1
νjεF ((x− εΘjη)/qj).
Ïðåäïîëàãàÿ F äîñòàòî÷íî ãëàäêîé è ïðåíåáðåãàÿ ÷ëåíàìè o(ε) , ïîñëåäíåå
óðàâíåíèå çàïèøåì â âèäå
F (x) = (1− νε)F (x) − εηF ′(x) +
n∑
j=1
νjεF (x/qj).
Ïîýòîìó
(η/ν)F ′ + F (x) =
n∑
j=1
(νj/ν)F (x/qj). (8)
Ñäåëàâ çàìåíó ïåðåìåííîé t = νx/η è ïðîäèåðåíöèðîâàâ (8), îêîí÷àòåëüíî
ïîëó÷èì
y′ + y(t) =
n∑
k=1
bky(t/qk), t > 0, (9)
ãäå y(t) = F ′(t)  ïëîòíîñòü ðàñïðåäåëåíèÿ ÿðêîñòè, ÷èñëà bk óäîâëåòâîðÿþò ñî-
îòíîøåíèÿì
bk > 0, k = 1, 2, . . . , n;
n∑
k=1
bkqk = 1.
Ëåãêî âèäåòü, ÷òî óðàâíåíèå Â.À. Àìáàðöóìÿíà (1) ïîëó÷àåòñÿ èç (9) â ñëó÷àå
n = 1 .
Ïóñòü λk ñîñòàâëÿþò ãåîìåòðè÷åñêóþ ïðîãðåññèþ: λk = λ
k, k = 1, 2, . . . , n .
àññìîòðèì óðàâíåíèå
y′ + ay(t) =
n∑
j=1
bjy(λ
jt), t > 0, (10)
ãäå a ≥ 0 , λj > 1 , bj ∈ R .
Óðàâíåíèå (10) èìååò ðåøåíèå
y(t) = C
∞∑
k=0
βk exp(−aλ
kt), t > 0, (11)
ãäå C  ïðîèçâîëüíàÿ ïîñòîÿííàÿ, êîýèöèåíòû βk óäîâëåòâîðÿþò ðåêóððåíò-
íûì ñîîòíîøåíèÿì
β0 = 1, βm = (a(1− λ
m))−1
n∑
k=1
bkβm−k (βr = 0, r < 0). (12)
Î÷åâèäíî, ÷òî ðåøåíèå .È. óñàêîâà (3) ïîëó÷àåòñÿ èç (11).
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Summary
N.P. Evlampiev, V.S. Mokeihev, I.E. Philippov. Density of Distribution of Light Intensity
in the Case of Absorbing Clouds.
In this artile we onsider a generalization of the Ambartsumyan's model on the absorption
of light in the interstellar spae for the ase when there are n types of absorbing louds
uniformly distributed in the equatorial plane of the Galaxy and having dierent optial
transparenies. It is also supposed that the number of louds having a preassigned transpareny
and loated in a preassigned diretion of the equatorial plane to the distane s from an observer
is a random funtion and for every xed s has Poisson distribution.
Key words: Ambartsumyan's model, absorption of light in interstellar spae, q -dierene
dierential equation.
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